Editor's quick points
Connection design is an important consideration for the successful application of precast concrete technology in terms of achieving constructible and stable structures. This paper focuses on the experimental and finite-elementmethod investigations of hybrid steel-concrete beam-column joints subjected to seismic loading.
Test results showed that the major drawback of the hybrid connection was the discontinuity in the bottom reinforcement.
Investigations of seismic behavior of hybrid connections
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Precast concrete technology is popular due to its inherent advantages, such as ease of construction, cost effectiveness, and quality. However, the catastrophic failure of some precast concrete buildings during earthquakes has drawn attention to the importance of connection design. Due to the scarcity of land and urbanization, precast concrete construction has been used extensively in Singapore since the 1980s due to its minimal site disturbance and storage-area requirements. It has also gained popularity in countries such as the United States, Canada, Japan, Turkey, and Malaysia. Although many of these areas are low-to moderate-seismicity regions, it is essential that the precast concrete structures built within them are capable of resisting lateral loads.
To investigate the behavior of hybrid (steel-concrete) connections for precast concrete frames, a series of experiments were conducted at Nanyang Technological University (NTU) in Singapore. In the first phase, pilot studies on the structural behavior of precast concrete beams and columns were completed. The second phase consisted of hybrid beam-column joints with different connection alternatives. The innovative connections used in these investigations included steel sections of different configurations for the beam-column and column-column fasteners. From the significant amount of the experimental data gathered and the subsequent finite-element (FE) method studies performed, design principles are being refined to verify the ability of these connections to resist the lateral loading. This paper focuses on the experimental and FE method investigations of hybrid steel-concrete beam-column joints subjected to seismic loading. Four prototype specimens of beam-column joints with slabs were tested under reversed cyclic loading to evaluate their strength, ductility, and energy-dissipation capacity. Two were cast-in-place concrete specimens, and two were precast concrete specimens constructed with the proposed hybrid connections. All of the precast concrete components were assembled, and the connections were encased with cast-in-place concrete.
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Synopsis
This paper presents experimental and finite-element (FE) method investigations on hybrid (steel-concrete) beam-to-column connections conducted under reversed cyclic loading. Four beam-column joints with slab were tested to explore their viability for quasistatic seismic loading. Experimental findings of two specimens with the proposed hybrid connections and their cast-in-place connection (monolithic) counterparts were discussed.
Because of the inherent complexity in hybrid connections and unique features of the test specimens, however, these experimental findings were insufficient. Therefore, numerical investigations using the FE method were performed to provide a better understanding of the joint's behavior. The FE models developed were calibrated with the experimental results by verifying the load displacement behavior, global deformation shapes, and stress patterns in detail. The FE method results showed that global behavior of the joints could be simulated to correlate with the experimental observations. In addition, the influence of key parameters-such as the connection-plate thickness, axial load, and beam bottom reinforcement continuity-affecting the joint's performance were explored with the developed models.
